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TtH » Story « Digs to Offer

Faith still had one arm locked around Professor Snape’s neck. ... They placed their hands on
the shoe though, dirt, gum, and hair be damned. ...

weww tthfanfic. com/Story-4658/echo+DigsHo+Offer htrm - 30k - Cached - Simnilar pages

A little dirt wath wour tea, sir or The Story of Buh Buh Eobbin

"Dvirt. | know." she smiled. "l often accused Elrond of trying to pull one ... Stop chewing an
Professor Snape's stoal." The wolf toak ane lang look at the ...
memnet.tripod. comdellindar0 bt - 41k - Cached - Similar pages

L eHTTETICY . o eewadl]S Shape archive

Professor Severus Snape refects back on his past, both the hate and the painful ... Severus
Snt . j e dirt streaked window of his cold ...

occlumency. sycaphanthex. comMiewstary. php?sid=1100 - 12k - Cached - Similar pages

occlumency o A Severus Snape archive

.. Morgan felt blood there. This was all she needed: to be conked out on a forsaken dirt road,
v Of course, Professor Snape, it's just a little cut. ...

occlumency. sycophanthex. comMiewstory. php?sid=4108 - 35k - Cached - Similar pages

Harry Potter and the |dolatry of Yore

four Professor Snape knew this." Madam Fomfrey's jaw fell apen as she suddenly ...
Snape looked down at the dirt befare continuing. "l found her, Harry. ...

wenwr. dprophet. comdiofy/chap33pg2. html - 11k - Cached - Similar pages

Professor Snape {ert. . Ansiwers Your Questions

Professor Snape {er}. ... Snape and Sarah are sitting at the kitchen table, twiddling their
thumbs and whistling nanchalantly. YWhen you're stuck in a house ...

weww livejournal com/community/dearsnaped - B2k - Cached - Similar pages
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ror LIZ Humphreys reports on four NERC-funded scientists using the ...
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The ail and steroid detector. Ve don't normally put oil exploration
detection in the same box, but Celin Snape and team at the ...

wannn. nerc. ac. uk/publications! documents/pe-sprid&dbridginggap. pdf - Similar pages

ror THE LISE OF BEOL EICOMARKERS LEASED VA HYDREOPYROLYSIS )0 S0LVE .
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File Farmat: PDF/Adobe Acrobat %%

Colin E. Snape. 1., Will Meredith. 1. and Gordon D. Love ...
colinsnapei@nottingham.ac.uk. 2. Department of Earth, Atrmospheric and Planetary
Sciences, ..

wawsw. herc. ac. ukfundingthematics! oceanmargins/regform/Snape_abs pdf - Similar pages

@roids and St@

da STETTis—areasteTods have now got more in commaon than just seven letters. .. a team
led by Prof Colin Snape at the University of Nottingharn have used ...

weww'd. imperial. ac. uk/portal/page?_pageid=46 31987248
_dad=portallived_schema=PORTALLIMWE - 34k - Cached - Similar pages

Sclentists make step fopssar T o oetestlon - MNews Archive ...

The research, being led bﬁ Professar Colin Snape ig)he Lniversity's School ... even the new
designer steroid specifically detection ...

research.nottingham. ac. uks MewsHeviews/newsDisplay. aspx?id=137 - 12k -
Cached - Similar pages

Eusiness Weelk: TH(s Steroid Sleuth Doesn't Quit D>
Access the article, This Stera ; m Business Week, ... Professor

Colin Snape and his tearmn believe they can nail the identity of any ...
weww findarticles. comdpfarticlesd mi_kmbuosfis 200503751 n13285942 - 23k -
Cached - Similar pages
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City leads field in drug testing

A new detection system to test athletes for
performance-enhancing drugs is being developed.

Scientists at the University of Nottingham believe their
research will provide a more reliable way of detecting drug
molecules in the body,

The technique they are studying is normally used to aid oil
exploration by splitting small fragments of arganic matter fror

petroleum rock,

66 In effect, you are what
vyou eat plus a little bit of
what you might inject

29

Professor Colin Snape

Scientists think the system could allow them to pinpoint
banned substances,

The modified technique can
recognise the origin of any you eat plus a little bit of
carbon-based molecules, what you might inject
including fatty acids and 29
steroids, in the body, Frofessor Caolin Snape

66 In effect, you are what

Previous testing techniques have been unable to offer a
precise detection method.

Professar Colin Snape, based at the university, said: "In
effect, you are what you eat plus a little bit of what you
might inject.

"In their natural form, howewver, the body's maolecules are too
'sticky' for accurate measurements by our |abaratary

- ==v N
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» Tearn GB get clean bill of health
11 Mow 0d | S0L

RELATED IMTERMWET LIMKS:
i ADA
¥ niversity of Mottingham

The BBZ is not responsible for the
content of external internet sites

TOP MOTTINGHAMSHIRE STORIES

MO
¥ Disruption expected from strilze
¥ Town wants slice of casino cash
v School uniform firmn making
hijabs
» Retirement homes designs on
show

Lt | what is RSS?

ve Research Centre for

RS CTENTET AN FROM LIGNITE




e e

.A-'--

- _"— ":_"I'_ -

Sy R

g | wirpgerd -LI-_-..
=1 --ﬁ—-,..

r'!
1-.-_._‘_‘

_Organlcs““ in Pmduct Water fro

o
r pr
S

LA LA




WATER PROBLEM IN BROWN COAL

DRY BASIS WET BASIS
More

Water 150 g water Water 60% Water
than
Coal

Carbon
Coal 100¢g Coal 40%

Oxyzen

25%

_ . . G It
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Lignite-Water
Interactions

3-D molecular
model of fossil wood
(Podocarpus sp)
from Loy Yang OC.
The simulation box
is (2.73 nm)3.
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TURBD-GEHRCRATOR

STEAM FRON
NEHESSEH

Current Practice
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PPPPP
SUPERHEATER
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SUPER HEATER

ENEAM

Water is
removed by
evaporation

VERY
INEFFICIENT
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Non-Evaporative Drying Processes

Include:
« Mechanical Thermal Expression (MTE)

e Hydrothermal Dewatering (HTD)
o Pressurised Steam Drying

Water is removed as a liquid rather than steam

Heat of evaporation Is saved -
leading to more efficient electricity production

Cooperative Researc h Centre for
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THE
CHALLENGE

Lignite
66 Mt/a

De-watered
Lignite

éCombustiong Treatment
&lor | &lor
Export : i Utilisation :
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Possible Applications

Industrial
Power Station: Condensate water
Power Station: Cooling water
Power Station: Fire and ash water
Paper plant

Environmental Recharge
Surface waters: lowlands, uplands, lakes, marine
LV industrial area
Groundwater

Primary Industries
Irrigation

Livestock
Aquaculture

Recreation

: ' : erative Research Centre for //
m” MONASHU niversity CLEAN POWER FROM LIGNITE V/ B




MTE Processing

Load cell

Drainage valves
Piston

Heating mantle

Sample chamber

Porous frit

Instron

V4 MONASH University

Pmech= 0-25 MPa

100g coal (wb)
T=180-250 °C

erative Research Centre for /y
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Schematic of MTE Pilot Plant

Raw Coal

Steam

ﬁ/(l:i;eivr\:g + +

Vessel

Ram A Compression Permeability Cell ~ Ram B

Expressed Water
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MTE Dewatering

Effect of Process Conditions

100

a0
=0

s
G0
a0

0 - & 25 hMPal
a0 = 51 MFa|

04 'Wster neno wed

10 —

100 120 490 160 120 200 220 2490 260
| e paraudre |L|

Harsher conditions (T, P) lead to greater water removal
Pressure becomes less significant as it increases
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Comparison of Dewatering Methods

Organic Carbon in Product Water

MTE Batch HTD | HTD pilot | fressurised
lant steam
P dewatering
Tem?oe(‘;;'t“"e 120-200 | 250-350 300 182 — 222
Lignite Loy Yang Loy Yang Loy Yang Loy Yang
Total Organic %
Carbon (g/L) 0.08-04 0.3* -7 1.32 NA
Organic Carbon . % .
(g/ke dry coal) 0.4-2.2 2* —50 NA 0.1*-2.3

Organic Carbon in product water is predominantly
determined by process temperature
MTE releases less organics to the product water

V4 MONASH University

erative Research Centre for
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MTE Water Quality

From Rig After Settling
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MTE Water Quality

Physical Properties vs Guideline Levels

Water type pH Conductivity | Turbidity | TDS TSS
(US/cm) (NTU) (mg/L) | (mg/L)
Loy Yang MTE water 3.46 2000 2600 2200 1700
Morwell MTE water 3.63 3890 726 5300 800
Yallourn MTE water 3.48 2080 1230 3000 920
Lowland rivers 6.5-8 125-2200 6-50 - -
Latrobe Valley Waters 6-8.5 - 50 770 90
Cooling water make up 6.4-7.7 | 500 40 200 30
Agricultural irrigation 6-9 - - 800 -
Saline Water Outfall 6.5-8.5 25 25000 |20
Pipeline (SWOP)
Regional Outfall Sewer 6.0-9.0 40

Physical properties do not generally meet guideline levels
Remediation will be required.




General analytical procedure for Organics

Water sample Organic Organic
isolation .
analysis .
or » | Solvent extract y . Identl.fy
Water sample Quantify
after
derivatisation

In this study ‘ ‘

MTE water Solid phase
extraction GC-MS :
or > | Solvent extract .| ldentify
(SPE) Quantify
Phenol acetylation |

Acid methylation
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General analytical procedure for Organics

Water sample Organic Organic
isolation .
analysis .
or » | Solvent extract y . Identl.fy
Water sample Quantify
after
derivatisation

In this study ‘

MTE water Solid phase
extraction GC-MS .
> | Solvent extract .| ldentity
(SPE) Quantify
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Direct SPE-GC-MS

« Method
— Solid phases - PPL
— Elution solvent — ethyl acetate
« Recoveries (ppm level)
— Mono-phenols — >90%
— Di-phenols — <80%
— Tri-phenol —undetectable at < ~45ppm
— LMW polar carboxylic acids not detectable at < ~250 ppm
« Conclusions
— Low GC sensitivity of phenols and carboxylic acids
— High detection limits
— Poor recoveries for di and triphenols
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General analytical procedure for Organics

Water sample Organic Organic
isolation .
analysis .
or » | Solvent extract y . Identl.fy
Water sample Quantify
after
derivatisation

In this study ‘

Solid phase
extraction GC-MS
» | Solvent extract .| Identify
J (SPE) Quantify
Phenol acetylation
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Phenol acetylation - SPE

phenol acetates

phenols ||
OH
| X Alkallsatlon Acetylation
R_
| = Na,CO, _~ Acetic anhydrlde
Polar, non- Less polar, volatile,
volatile, low GC higher GC
sensitivity sensitivity

0 ( I ' of Research Centre for //
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Phenol acetylation - SPE

e Acetylation method evaluation

— One step acetylation —in literature

*Substituted mono phenols and diphenol — low acetylation yield at low pH
*Phenol —low yield at low pH and high pH
*Tri-hydroxy phenol — low yield at high pH

2.0E+06 phenol € 2E+06 pyrogallol
OH OH
(O] )]
n wn
G 1.5E+06 |- 0§ OH
73 > 1E+06
o o
S 1.0E+06 | 3
9 3 OH
2 S 5E+05
T | S
T 5.0E+05 £
5 o)
pd prd
0.0E+00 i OE+00
7 8 10 11 12 l 7 8 10 11 12
pH D pH

7y MONASH University R il




Phenol acetylation - SPE

 Acetylation method evaluation

— Two step acetylation — developed

e First —low pH for tri-hydroxy phenol
e Second — high pH for the rest of phenols (mono-, di-)

3E+06 - OH phenol 3E+06 pyrogallol OH
OH
. 5 N
S ] — [ e S =
g 25406 | B B F§2E+O6 - BN,
&) ] O B [
S ol 9 :
3 T ]
o 1E+06 | ' o 1E+06 +
T T
£ sl E
O F'Y O
S H H s
OE+00 R R OE+00
2-7 67 77 28 29 210 37 39 310 311 2-7 67 7-7 2-8 29 210 37 39 310 311
pH pH
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Phenol quantification — method validation

Loy .
200'/06 /;gg Amount in Amount Total amount  Recovery
MP&XMTE sample added in spiked MTE %  RSD%
(ng/L) (ugl)  sample(ug/L) ™ °
Phenol 76+1 195 280+ 16 105 7.9
4-methyl-phenol 3.6+0.3 192 208 £3 104 14
2,4-dimethyl-phenol 09+0.0 203 212 +2 104 0.92
2-methoxy-phenol 98 +3 215 321+1 104 0.25
2-methoxy-4-methyl-phenol | 35+0.1 199 215+0 107 0.17
Catechol 627 +19 211 824 +17 93 8.7
2,6-dimethoxy-phenol 43+1 208 244 + 16 97 80
Vanillin 118 +5 213 345+ 29 107 13
Pyrogallol 153 +4 223 290+ 13 62 94

m” MONASH University CLEAN POWER FROM LIGNITE




Phenols identified in MTE water
from Loy Yang coal (200°C, 25MPa)

P

P

Estimated total phenols(~4mg/L)

Total organic carbor( 0.15g/L)
N~~~

Phenol
4-methyl-phenol
2,4-dimethyl-phenol
2-methoxy-phenol

\

2-methoxy-4-methyl-phenol

Catechol
2,6-dimethoxy-phenol
Vanillin

Pyrogallol
3-methoxy-4-ethoxy phe

1,2-dihydroxy-4-meth® . penzene”
2-methyoxy-4-e**. y1-phenol
4-[1-methy* ethyl] phenol

1-[4-%uroxy-3-methoxyphenyl] ethanone
ﬁ-'hydroxy-S,S-dimethylphenyl] ethanone

ohenyl] ethanone

Phenolics ethylethylphenyl]} ethanone
Carboxylic acids 5-dimethoxy benzaldehyde
Others nzaldehyde

1,4-dihydroxy-2,3,5-trimethyl benzene

GC-MS non-detectablegnzaldehyde
1,4-dihydroxy-2-methoxy= L,Jmmnai]-benzaldehyde

3-hydroxy-4-ethoxy-benzaldehyde

g
iy

%&Q MONASH University
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GC-MS TIC of an acetylation-SPE extract

Abl]ﬂdah‘ce i N o T T OH o t r I h e n O I S
OH p OH
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GC-MS TIC of an acetylation-SPE extract

@V -y <>OH

OH

OH
OCH3
OH cHo
HzC O i "OCH3
. CcCHO S
] (@} CH3
" /
~_
OH \ | | -
CcCHO H3C OCH3
OH
SH {
| |
v Ili.-‘m'!jl';i &_Ii"-,«,n,‘I:'._.l-_ ) -II -~ II
Lokl ¥ > e e i e
I\ M i
36.00  48.00 50.00
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Model of Lignitic Wood

CH, OH
}
HC O
HaC c=0
SI £
Ho—fci'!-t
CH ,0H HL_@ CHj
ZCH
=0
OH
—_0
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General analytical procedure for Organics

Water sample Organic Organic
isolation .
analysis .
or » | Solvent extract y . Identl.fy
Water sample Quantify
after
derivatisation

In this study ‘

Solid phase
extraction GC-MS
» | Solvent extract .|  Identity
J (SPE) Quantify
Acid methylation
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Carboxylic acid methylation

Common Reagents: CHs
 Diazomethane HC— o, ——Ch
 BF;/MeOH
e Acetyl chloride/ MeOH |F3+
[ ] F B F

 Trimethyloxonium ‘

tetrafluoroborate (TMO) i

TMO

: I ' ative Research Centre for / /
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Acid methylation — comparison of methods

9.0 10°
Succinic acid (C)
o) 6 4
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Acid methylation — comparison of methods
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Methylation with TMO in Aqueous Solution

RCOO" + CH,-O-(CH,),* — RCOOCH, + CH,-O-CH,

Procedure must promote reaction between TMO and acid:
e staged addition of TMO (5x)

* repeated alkalisation (NaHCO;, Na,CQO,)

e sealed and incubated at 100C (2 min)

hMONASH University ative Research Centre for /f
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TMO methylation - SPE

Conclusions:

 Lengthy acid isolation step by N, drying or SPE is avoided
 Methylation efficiency and reproducibility high

* Final isolation of methyl esters using C18 / ethyl acetate

: I ' ative Research Centre for / /
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Carboxylic Acids in MTE water by GC-MS
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Carboxylic Acids in MTE water by GC-MS

12 16
mliz =74 | il 4
D8 D9
" : 10 Eﬁ)ﬁg AT
p6 i 12 O 18
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0 Coe e ufﬁ"|: :||’T||‘\T|T|“rq" :mfh;":'“?'* Ll"'J\'ATnMM L[“m MM’“WJLH‘L
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XX —monocarboxylic acids
XX —dicarboxylic acids
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Carboxylic Acids in MTE water by GC-MS

Aromatic acids

Benzeneacetic acids

Benzoic acids

benzeneacetic acid

4-methoxy-benzeneacetic acid

3,4-dimethoxy-benzeneacetic
acid

4-hydroxy-3-methoxy-
benzenacetic acid

Benzenedicarboxylic acids

4-methyl-1,2-
benzenedicarboxylic acid
4-methyl-1,3-
benzenedicarboxylic acid
?-methyl-?,?-
benzenedicarboxylic acid

benzoic acid
4-methyl-benzoic acid

4-methoxy benzoic acid

3-methoxy-4-methyl-benzoic
acid

2,4-dimethoxy-6-methyl-
benzoic acid
?,?-dimethoxy-?-methyl benzoic
acid

3-ethoxy-benzoic acid

2-hydroxy benzoic acid

4-hydroxyl-3-methoxy-benzoic
acid
?-hydroxyl-?-methoxy-benzoic
acid
4-hydroxy-2-methoxy-3,5,6-
trimethyl benzoic acid
2,4-dihydroxy-3,6-dimethyl-
benzoic acid

3,4,5-trihydroxy benzoic acid

benzenetricarboxylic acids

1,2,4-benzenetricarboxylic acid

1,3,5-benzenetricarboxylic acid

5-methyl-1,2,4-
benzenetricarboxylic acid

___hMONASH University

Cooperative Research Centre for
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MTE Water Quality

Organics Composition

Loy Yang A Morwell
150° | 200° | 200°C | 200° | 20Q¢°
200°
25 6 25 6 6 25 MPa
MPa | MPa | MPa | MPa | MPa
Total phenols (mg/kg, db) | 0.34 | 3.8 14 21 25 71
Total acids (mg/kg, db) 161 | 620 | 980 | 1210 | 1280 | 1970
Total compounds
identified by GC-MS 161 | 625 | 1000 | 1300 | 1310 | 2040
(mg/kg, db)
Total organic carbon
(mg Clkg, db) 710 | 1300 | 2200 | 2500 | 2900 | 3600

Detectable organics are mostly small molecular weight
carboxylic acids, not phenols as observed for HTD and SD




MTE Water Quality
Organics % observed by GC-MS

Loy Yang A Morwell
150° | 200° | 200°C | 200° | 200° | 200°
25 6 25 6 6 25
MPa | MPa | MPa | MPa | MPa MPa
Total phenols (as carbon)
in OC (%) 037 | .023 | .48 .62 .65 1.4
Total acids (as carbon) in
OC (%) 12 24 24 27 23 28
Total identified organics
(as carbon) in OC (%) 12 24 24 21 24 29

GC-MS detectable components account for 25-30% of the

organics in MTE water




Higher Molecular Weight

Organics in MTE Water
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Conclusions

 MTE is effective for removing ~75% of the water in low rank coals
like those from Victoria

* By-product water is ‘clean’ relative to that produced by other
dewatering methods

[t will still require remediation for most foreseeable uses

[t contains inorganics as well as organics

o ~25-30% of the organics can be identified and quantified by GC-MS
« HMW components are also present

 |dentifiable components are biomarkers and, considered as a whole,
are not particularly nasty.
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“In effect, you are what you eat
- plus a little bit of what you might inject”

Professor Colin Snape
BBC News
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Quality Criteria

 Total Dissolved Solids (TDS): mg/L
 Suspended Solids (SS): mg/L

° pH

e Colour: Pt/co

e Turbidity: NTU?

e Conductivity: (uS/cm)

* Biological Oxygen Demand (BOD): mg/L
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MTE Water Remediation

1
2. Gasification of Organics .
Approach is 205
moderately effective at < 04
300-350C. 502

This approach is : | | \

Ineffective for 300/5 300/15 35015 350/ 15
inorganics_ Gasification temperature/ LHSV

12

MW MTE 300°C  300°C 350°C 350°C /
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Figure 3-16. Comparison of acetyl chloride (AC) and BF, (BF) for methylation of
carboxylic acids
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MTE Product Water

Phenols Carboxylics
Acetylation Methylation SPE
SPE SPE
GC-MS
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Mono-hydroxy phenols

Alkyl phenols

Methoxy phenols

Phenolic ketones

phenol

4-[1-methylethyl] phenol

2-methoxy phenol

1-[2-hydroxyphenyl]-
ethanone

2-methyl phenol

2-methyl-5-[1-methylethyl]-
phenol

4-methoxy phenol

1-[3-hydroxyphenyl]-
ethanone

3-methylphenol

5-methyl-2-[1-methylethyl]-
phenol

2-methoxy-4-methyl
phenol

1-[4-hydroxyphenyl]-
ethanone

4-methyl phenol

2,4-bis[1-methylethyl]-phenol

2-methoxy-4-ethyl phenol

1-[4-hydroxy-3,5-
dimethoxyphenyl]-ethanone

2,4-dimethyl

4-[1-methylpropyl] phenol

2,6-dimethoxy phenol

1-[4-hydroxy-3-

phenol methoxyphenyl]-2-propanone
2,5-dimethyl 2- or 4-[2-methylpropyl] 2,4-dimethoxy phenol Phenolic benzaldehydes
phenol phenol

2,3-dimethyl o 0 1-[4-hydroxy-3-

phenol ?-methyl-?-propyl phenol methoxyphenyl] ethanone 2-hydroxy benzaldehyde

3-ethyl phenol

4-[1,1-dimethylpropyl] phenol

3-hydroxy-benzaldehyde

4-[3-methyl-2-butenyl]-phenol

4-hydroxy benzaldehyde

4-hydroxy-3-methyl
benzaldehyde

4-hydroxy-3-methoxy
benzaldehyde (vanillin)

4-hydroxy-3,5-dimetho
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Di-hydroxy phenols

1,2-benzenediol ?-dimethyl-1,3- 1-[2,4-dihydroxyphenyl]- 111;([;;14-1(1 lll:z:rﬁxy-3-
(catechol) benzenediol ethanone ylpueny
propanone

. 2,3,5-trimethyl-1,4- 1-[2,5-dihydroxyphenyl]- 2,4-dihydroxy
1,3-benzenediol benzenediol ethanone benzaldehyde
1,4-benzenediol a methoxy benzenediol 1-[2,4-dihydroxyphenyl]- 2,5-dihydroxy

propanone benzaldehyde
2-methyl-1,4- 1-[2,5-dihydroxyphenyl]- 3,4-dihydroxy
benzenediol propanone benzaldehyde
. ?,2-dihydroxy-4-
2

a methyl benzenediol methoxy-benzaldehyde

Tri-hydroxy phenols

a tri-hydroxy phenol
(MW=182)

1,2,3-benzenetriol

1,2,4-benzenetriol 1,3,5-benzenetriol
(pyrogallol)
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